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example the latest adition of "Mendelian 
Inheritance in Han" by V.x. MeKuaiek) . 

Single base changes can fit neutral, that is, 
encode tha saaa amine acid if occurring in an axon, 
3 -occurring at a non-critical sita in an intron or 
may result in a conservative amino acid 
substitution: can result in an amino acid change 
that yialda a lass fit, albait functional, gana 
product; or can rasult in a dalatarious allala 
which could affaet tha survival of tha host 
organism. 

Singla base substitutions that yiald 
•ffeetively nautral changes contribute to normal 
population heterogeneity, slso known as 
polymorphism or balanced polymorphism. The most 
prevalent ellele or the allele believed to be the 
oldest In a population is identified as the wild 
type allele. These eingle bese substitutions that 
reduce the fitness of the organism are commonly 
known as mutations. For those mutations that 
reduce fitness, predispose en organism to a disease 
•tate or that have reduced penetrance or delayed 
expression, it would be beneficial to have the 

0 

cepabillty of diagnosing er identifying the allele 
23 carried by the target organism. 

Direct gene analysis, particularly for the 
detection of .ingis base mutation, can be obtained 
by e variety of teennigues. For exanple. 
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restriction fragment ltngth polyaorphisa results 
from alterations in the recognition sequence of a 
restriction endonucieese. The discovery of a 
restriction fragment length polymorphism enahled 
5 the diagnosis of sickle cell anemia which arises 
fro. a single amino acid change in * globin. But 
the recognition site of restriction endonucleases 
gtneraliy is from 4-10 base pairs, there are large 
numbers of restriction endonucleases specific for 
10 unique recognition sites the recognition sites, 
if organized randomly in the genome, would be 
distributed at a frequency that correlates with the 
number of base peirs in the restriction site. 
Thus, only a small portion of the genome is 
l» monitored by any one enzyme. 

Another aeens for identifying base 
substitution i. direct sequencing of . nucleic acid 
fragnent. The two prevelent methods ere the 
Kaxam/Cilbert method (Max*. k clletrt ( „ 80) h ^ 
fitt*. «S, 499-540) and the didooxy eethod (Sanger 
•t al. (i»77) KalLi haA ^ ^ 74# 

•463-5447). Although the uh of the polymerese 
chain reaction ( pcr, (salki et .1. ( i». 9) Se i. we . 
230, 1350-1353) can facilitate ..quencing, direct 
gene eequencing remains a labor intensive and 
tedious aeans. 

Because mismatches often eause anoaalous 
mobility of nuclelc fpagMntg in 



30 



25 



- 3 - 



WO 93/20213 PCT/US93/02329 
electrophoretic procedures, aethods have been 
devised for distinguishing aisaatched duplexes free 
matched duplexes, see for exaaple Myers et el. 
(Mcau Efift* (1987) 135, 501-527). Mismatches can 
5 - be obtained by hybridizing sequences from wild type 
and mutant genes or free a staple with a 
synthesized oligonucleotide. The sensitivity of 
detecting mismatched duplexes can be enhanced by 
conducting the electrophoretic separation under 
10 denaturing conditions, Myers et el., tilBOk- 

another aethod for detecting mismatches is 
using Nfase A (Myers et al. (1985) SfiiaflCi 230, 
1242-1248). tor exaaple, a speeifie probe is 
hybridised to target JQfA or OKA end then exposed to 
IS RNase A, which is able to detect mismatches in a 
duplex structure. The enzyme cleaves at the site 
of e mismatch. Open electrophoresis under 
denaturing conditions, the aisaetch is detectable 
by the presence of nucleie acid fragments wi .sh are 
20 smaller than the full length duplex. While the 
XMase A method is not as definitive or as sensitive 
as sequencing, it is acre rapid than sequencing. 

Another approach relies on the instability of 
duplexes comprising en oligonucleotide, see for 
2S exaaple Conner et al. f Pree. wati. xe»« S ei. 
(1983) 80, 278-282) . Such duplexes ere stable only 
under well defined hybridization conditions, 
generally involving salt concentration of the 
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hybridization solution and temperature. Thus, an 
oligonucleotide which is coapleaentary except for 
• single mismatch aay net rtasin hybridised to a 
target sequence if the hybridization conditions are 
5 net optimized. That rationale enebles the 
detection of aisaatehes by hybridizing an 
oligonucleotide to a target sequence and 
determining whether a stable duplex aoleeule 
results. 

10 a newer method relies oa OKA ligese which 

covalently joins two adjacent oligonucleotides 
which are hybridized on a eoapleaentary target 
nucleic acid, see for example Landegren et el. 
( SSltaSM (19ft) 241, 1077-iotO). The aisaatch auet 

13 occur at the site of ligation. as with ether 
methods that rely on oligonucleotides, .alt 
concentretion and teaporature at hybridization are 
crucial. Another consideration is the amount of 
enzyme edded relative to the OKA concentretion. 
20 Another method relies on polymeraee chain 

reaction amplification of specific oligonucleotide 
primers, see for exaaple Cbebab et el. (is«7) 
KaiUIi, J2», 293-294). The aethod offers the 

4 

advantages of not requiring a large amount of ON A, 
25 as is required for restriction fragment length 
polymorphism analysis, and is sore rapid, then for 
example, the uae of allele-specific oligonucleotide 
hybridization. Furthermore, the aethod does not 
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requlrt the use of radioactive labels. Wu at al. 
(1889) Proe. Katy AfifljL ££ju.< *** 2757-2760. 

Each of the. fcnovn prior art methods for 
detecting single- base pair mismatches has 
5 .shortcominge. Hybridisation and RKase assays 
occasionally give falss positive or false negative 
results due to high background or poor enzyme 
specificity* Methods relying on the use of 
oligonucleotides require carefully controlled 

10 hybridisation conditions. The use of 
allele-spscific oligonucleotides also requires 
finely tuned conditions es one of the pair of PCR 
priasrs Bust be perfectly matched and ths other, 
because of one or sore sisaatches , Bust not 

15 hybridixs for discrimination to be possible. 
Methods that rely on rat can have contamination 
problems and sobs mismatches can form base pairs 
thereby producing falss rssults. DKA sequencing 
cannot detect a bese change in a DMA saaple which 

20 is contaminated with sore than ao% of normal OKA. 

Denaturing gradient gel or the RNese A msthods 
can assess long stretches of OKA for mismatches, 
hovsver, those msthods are not as sensitive as the 

0 

ligase aethod because they are sstimatad to teat 
25 only about half of all mutations that involve 
single nucleotides, furthermore, less than half of 
all point mutations give rise to gain or loss of a 
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restriction enzyme cleavage site. Lanoegren ee ml. 
(1988) SSiarSt, 2<1- 1077-) 080. 

All of th« methods mentioned abeva cannot 
reliably dataet a ease change in a nuelaie acid 
5 .which is contaninatad with sore than 80% of a 
background nuelaie acid, such as normal or wild 
typa caquenees. Centaaination problaas are 
significant in eanear dataetien wharain a malignant 
call, in circulation for example, is present in 
10 extremely low amounts. Thus, the methods now in 
use lack adequate sensitivity to find practical use 
in e clinical setting, it is desirable for an 
aasay to have a senaitivity of loss than 20%, that 
is. capable of detecting a variant aaquenee that 
15 comprises lest than 30% of a sample, end preferably 
lees than 10%. 

Accordingly, there is e need for e eensitive 
•nd accurate aaaay for detecting single base pair 
mismatches which does not require the use of toxic 
20 labels, does not require a large amount of a 
sample, la not labor intenaiva and is robust. It 
id particularly advantageous if the essay has a 
eensitivity of detecting a singl* base change in a 
OKA sample contaminated by up to, if not more than, 
25 about 89% normal OKA. 

There are a class of enzymes that repair 
mismatches in nucleic acids, and particularly in 
OKA. Suitable inzymes, tor example, are those 
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whieh specifically cleave nucleic acid strands n«ar 
aisaatehes. Soae of those enzyaes hav« nucleie" 
*eid glycosylase activity as wall as aporinic or 
apyriaidinic endonuclassa activity. 
» ror example, a dji aethylation-independent 

pathway in E. eoli acts unidirectionally en O/T 
aisaatehes to raatora tha c/c pair at tha second 
position within tha sequence 5'-CC(A/T)CG. Lieb 
(1985) HflL,. SftUi. fifiaaU, ioi t 118-129. no eatyme 
io involved with that repair function has bean 
expressed as a fusion protein. Henneeke at al. 
(1991) HatBTfl. 333. 11S-U8. 

Vicbauer 4 Jiricny f Hatu 7f > (i«89) 
234-239/ Sta&± VatU afis^. ASi* (1990) 97, 
13 3843-9945) reported en enzyae obtained froo BeLa 
nuclear extracts capable of correcting G/T 
aisaatehes alaost exclusively to C/C pairs. 

A daa-independent repair pathway specific for 
a/0 aisaatehes requires expression of tha E. coli 
20 jaiut 9 «n« product. Lu « chang (1989) Saaat*. 109, 
593-900; Tsei-IM et al. (1991) ^ Birt^M, 173f 
1903-1910. the repair machanisa is unidirectional 
resulting in en a to c conversion. The enzyee 
responsible for the repair activity both binds 
2S specifically to a/c mismatches end cleevss the 
nucleic add at .ither .id. of the .denin. reeidue. 
»ara are no incisions on the other strand. The 
repair systca is proposed to convert A/C aismatches 



WOW/20233 PCT/US93/02329 
to a C/S base pair. Lu * Chan? (1988) c e n , 54, 
80S-812. 

Simliir enzymes specific for A/c aismatches 
have bean found in huaan (Yang at al. (1991) 
5- -l. ^xsLl Shs&M., 266, 6460-6484) and calf thymus 
calls. Tha all-type endonuclease described 
hsrainbalov and obtained froa KeU, calf thymus and 
yaast call, nicks at tight different base pair 
mismatches. 

10 8mMA»y of m annum 

It is en object of tha instant invention to 
provide a sensitive end accurate aethod for 
detecting base pair miaaatches in nucleic add 
sequences and perticularly in OKA sequences, such 
IS as genomie dna sequences. 

Another object of the instant invention is to 
provide a aethod for identifying the nucleotide at 
a epecifie site in a nucleic aeid without using 
sequencing methods. 

2« Those end ether objects vara attained through 

the development of a aethod for identifying a 
nucleotide base at a single site in a nucleic acid 
comprising: 
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(a) obtaining single stranded target 
nucleic acid sequences; 



(b) hybridising oligonucleotides 
cosprising seid site to said single 
stranded nucleic acid sequences, 
wherein said oligonucleotides may or 
aay not be complementary at said 
site in said single stranded nucleic 
acid sequences! to form 
oligonucleotide-target nucleie acid 
sequence hybrids; 

(c) exposing said nucleic acid sequence 
hybrids to an enzyme that binds to 
mismatch bases to form 
ensyme-nucleic acid complexes or 
that cleaves one strand containing 
a mismatched base pair to produce 
eleaved fragments; 

(d) determining the presence of seid 
enxyme-nucleic add complexes or 
said cleaved fragments; and 

•) identifying the nucleotide base at 
said site by virtue of whether a 
reaction with an oligonucleotide 
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foras a coaplex or produces cleaved 
fragaents. 



The aethod is further exaaplif led vherein said 
- oligonucleotides coaprisa a first and a sacond 
5 oligonuclaotida coaplaaantary to a first single 
stranded nucleic acid and a third and a fourth 
oligonucleotide coapleaentary to the second single 
stranded nucleic add; and vherein said first and 
said third oligonucleotides coaprisa A, T, C or C 

0 at said sita, and said second and said fourth 
oligonucleotides coaprisa at said site a base other 
than that base which hybridises under noraal 
conditions vith the base at said site in said first 
and said third oligonucleotides. 

5 The inatant invention also provides a aethod 

for identifying a base pair aisaateh at a site in 
a nucleic aeid coaprising: 

(a) obtaining single stranded target 
nucleic acid sequences; 

1 (b) hybridizing nucleic acid fragaents 

obtained froa wild type cells or 
oligonucleotides coaprising said 
site to said single stranded nucleic 
acid sequences, vherein said 
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fragments or said oligonucleotides 
may or say net be complementary ac 
said sitt in said single stranded 
sequence, to form f ragmen -target 
5 nuelaic acid hybrids or 

oligonucleotide-target nuelaic aeid 
hybrids; 

(c) exposing said nuelaic aeid hybrids 
to an enzyme that binds specifically 

10 t0 Psir mismatches to f am 

enzyme-nucleic aeid complexes or 
that eleavaa a nucleic aeid strand 
to product eleevsd fragments; and 

(d) determining the presence of said 
15 complexes or said cleaved fragments. 

the instant invention else provides e method 
for detecting the loss of e wild type allele 
comprising identifying a mismatch between e first 
nucleic ecid obtained from target cells end e 

20 second nuelele acid, wherein said first and said 
second nucleie acids ars hybridised to form a 
duplex and said duplex is exposed to an enzyme 
which binds to a mismatch base pair to form a 
complex or which cleaves said first or second 

25 nueleic aeid to fora cleaved fragments and 
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determining the presence of said complex or said 
cleaved fragments . The second nucleic acid can be 
obtained froa a wild type cell or synthesized. 

The instant aethods can be useful in the 
5 detection of genetic disease, cancer and genetic 
variability sueh as normal polymorphisms. 

Determining whether cleavage occurred can be 
accomplished in a variety of art-recognized 
methods. Thus, sueh a determination can be 
10 accomplished by direet analysis of the sequences, 
sueh as by nucleotide sequencing, or by determining 
fragment lengths following labelling of the nucleic 
acid sequence, with, for example, radioactive 
labels, such as M p. The use of denaturing gels can 
15 facilitate discrimination of the reaction products. 

Alternatively, cleavage can be inferred for 
example, by labelling the nucleic acid sequence at 
two eltes on either side of the target site. Thus, 
for example, the doubly labelled nucleic eeid is 
20 fixed to a solid support at one end and following 
the ensymatic reaction with the mismatch enzyme and 
a wash, presence of both labels or one label, that 
on the end fixed to the solid support or that 
washed away, is asseesed. The labels can be the 
23 same or different. Preferably the reporter 
molecules are non-redioective labels, such as 
enzymes or dyes. 
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Detection of mlsnatches can occur also by 
detaraining the presence of entyee-nucleic eeid 
complexes, for cxaaple, by analysis on a native 
gal, gel retardation essay, essentially as 
S * described in fried t Crethers f Huci. Ada* »«« , 
C19I1) 9, 6503-«S2«). 

amaa dmcfttttoii o> m ammaH 



The instant Invention relates te the use of a 
class of enryses eapable of eisaatcb detection 
and/or repair to detect single bese pair autatlons 
in nucleic acids and particularly in DMA, such as 
in genoaie DMA. Any of the class of enzyaes 
capable of identifying or binding to e site of a 
base pair aisaateh and/or cleaving at or about that 
«ita can be used in the instant invention. 

the instant invention finds utility in the 
diegnosie of genetic disorders that erise froa 
point autations. Many cancers, for exaaple, can be 
traced to point autatlons in kinases, growth 
factors, reeeptors binding proteins end nuclear 
Proteins. Seae of the disorders include cystic 

0 

fibrosis, xeroderma pigaentosua, ataxia 
telengiectaaia, Blooa's syndroae, the 
baaoglobinopathles, such as thalassemia end siekle 
ceU disease, other diseeees that arise froa inborn 
errors of netabolisa. such aa phenylketonuria, 
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muscular dystrophy, mental retardation syndroaes, 
such as ths fragil. x syndroae. Albright's 
osteodystrophy, spaeifie genes asseeiatad with 
cancer, such as OCC, HF-1, RB, p 5 3. erbA and th. 
5 -Wila's tuaor gane, and various oneoganas. such as 
abl, erbB. src, sis. raa, fos, .yb and aye. 

Tha instant assay can b« used en tha nuclaic 
acids of a variaty of calls, for example, blood 
calls, aaniocytas, caat is calls found in th* 
10 aaniotic fluid, bona aarrov calls, calls obtainad 
froa a biopsy spaeiaan and tha like. The nucleic 
adds can be ribo or dsoxyrlbo nucleie acid.. 
Double atrandad nucleic acids are rendered single 
stranded using known techniques, 
is The tern. -baa. pair aiwatcb-, indicate, a 

*«se pair combination that generally does not fora 
in nuclaic aelda uadar normal circumstances. . for 
exeapla, vhan dssling with the besaa commonly found 
in OKA, naaaly adenine, guanine, cytosine and 
20 thyaidine, base pair aisaatehes are thoae base 
combination, not including the A-T and o-c pair, 
normally forms* in ONA'a. 

** herein, -coapleaentary- indicates 

normal base pairing bttwrn two nucleie add 
M strand, but may ineluda a aiaaateh at a site. 

As used herein, "oligonudeotide" indicates 
any short segaent of nucleie seid which can be 
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obtained as a fragment from * call, for exaaple as 
a raatriction fragment, or is synthesized in vitro. 

An enzyme of tho class of enzymes which is 
suitable in tha practice of the instant invention 
3- -is that described in Lu 4 Chang (Call (1988) 54, 
805-812) which recognizee the A/0 aisaattch. The 
ensyae is obtained froa I. cell and is identified 
as KutY (or KicA) . 

A suitable Bathed for obtaining an ensyae 
10 useful in the instant invention is exemplified in 
a aethod for obtaining the A/6 aisnatch ensyae. 
Tha A/« aisaatch ensyae can be obtained froa 
Z. coli, such as any wild type strain available 
froa the Aaeriean Type Culture Collection. The 
15 calls are lyeed in e suitable buffer such as a 
buffer comprising about 15 aK Tris-HCl, P H 7.8, 
about 0.1 ax EDTA, about 0.5 aK OR and about 
o.i an PHSf (Buffer A). The cells ere lysed by 
eoaaonly known aetheds such as freeze-tbav or 
20 sonication. The lysata is clarified by 
centrifugation and the supernatant is treated with 
about 25% (w/v) streptomycin sulfate. Any 
insoluble material is reaoved and solid aaaoniua 
sulfate is added to the supernatant to a 
25 concentration of about 35%. The precipitate 
obtained therefrom is suspended in buffer A recited 
above. 
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The suspension is diely*ed against the 
above-noted buffer A. The resulting dialysate is 
suspended in a suitable buffer such as one 
comprising about 20 mM potassium phosphate, pH 7.4, 
3 -about 0.5 mM DTT, about 0.1 BN EDTA and about 
o.i mM mST, containing about 0.05 mM potass iuo 
chloride (Buffer B). 

The resulting solution is passed over a 
phesphecellulose eolumn and the column is aluted 
10 with a linear gradient of about 0.05-0. 5 m 
potassium chloride in the above-noted buffer 8. 
Those fractions containing A/0 mismatch binding 
and/ or nicking activity, which eluta at about 0.3 
M potassium chloride, are pooled and are applied to 
15 a hydroxyapatite column egulllbrated with the aeae 
buffer B as noted above exeept that the potassium 
phosphate concentration- is 10 mM and the solution 
contains o.ot M potassium chloride. The column is 
eluted vita « unear gradient of potassium 
20 phosphate (pH 7.4, about o.oi-o.« K) containing 
0.5 mK OTT and 0.1 mM PHSF. Active fractions 
obtained from the eolumn can be stored at -70 *c. 

Alternatively, the eluate further is dialyzed 
against a buffar comprising about 20 mM KPo t 
25 (pH 7.4], about 0.1 mM COTA, about 0.5 mM OTT, 
about 0.5 M KC1. about 0.1 mM PMsr and about 10% 
(v/v) glycerol (Buffer C). The dlalysate is 
applied to a heparin-agarose eolumn and eluted with 
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a 0.1-0.6 K KC1 grr.dient in the sue autfar C. A/c 
nicking activity elutes at about 0.38 jc KC1 and th« 
fractions arc ditly.ed against buffar C. Tho 
resulting andenuclaaae praparation is purified 
S about z.500 fold. 

The gano product of the sutY (or micA) locus 
of E. coli ia essential to obtain 
nethylatien- independent rapair of A/C misutehaa. 
Tha DHA saquanea of tha out* locus bas baan clonad 
10 and found to ancodo a protein of about 39 Jed 
■olacular vaigbt wbieb carries A/C 
nlsaatch-specifle nicking activity. Teai-Vu at al. 

(1991) JL. BsCterlBli, 173, 1903-1910. The 
raceabinant enzyBe can ba uaad in tha practice of 
15 tha instant invention. 

«na determination of whether ea easyM with 
the reguiaite charact«riatiea ia obtained can rely 
either on the capability of a protein to bind 
specifically to an vc uieaatcn or on the 
30 capability to eleave at or about en A/6 niaaatch. 

By »«y of exaapl., the hybrid ot phages fl 
RM9 and Ml haa en A/C aieaateh at position 3631. 
Boeke (1911) Mfll* SUU 181, 388*291; Lu et 

al. (1983) Btfifc. HftfiU afioi. flfii*, 80, 4S39-4S43. 

35 Thus, a nucleie acid fragment containing poaitlon 
SMI can be uaed in a protein-nucleic acid binding 
or nicking assay. Alternatively, two annealed 
oligonucleotides, aade in a conercially available 
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DKA synthesizer, which art eeapl. B . nt .ry . xc . pt lt 
on* defined position where an k/_Q aisaateh is 
configured, can be used as a heteroduplex carrying 
an A/6 aisaateh in the above noted assay*. 
5 " J n * binding assay, protein saaples are 
incubated .with lebelled nucleic aeld fragment 
containing, according to the example above, the A/G 
aisaateh along with non-labeled, non-specific OKA 
(seo rried i crotners, supra; Cartbev et al., 
10 (IMS) fiiU, 43, 439-448). Briefly, protein 
saaples are ineubatad with labeled target nuelele 
acid in a buff.r coaprlsing about 20 aft Tris-HCl 
(PH 7.«), .bout so an MaCl. about l aK rotA and 
•bout 2.9% glycerol for about 30 ainutes at about 
29 30-. Following incubation, the saaples are applied 
to a polyacrylaaide gel (about 4%) using low ionic 
strength buffers (about 7 aK Tris-HCl, pa .7.5, 
*bout 3 aK sodlua acetate and about X «k EDTA>. 
*rotein-nucleie acid complex., aigrate slower than 
20 nuclaic acid fragments alone. 

Kicking activity can be deterained in a 
similar t.. hi on as for determining the 
protein-nueleic aeid coapiexe,. Pollovlng the 
incubation period, the nucleic aeid saaples are 
2S denatured, for example, by heat treataent, exposura 
to foraaaide or both, and then the saaples are 
applied to a standard denaturing polyacrylaaide 
gel, for example about 8t with about s n urea, for 
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resolution* Succsssful niching is revealed by the 
presence of en* or sort smaller-sized nucleic acid 
fragments as compared to* the intact nuclaic acid 
fragment. 

S k T/e-specific andenuelaase can be detected 

and obtained using th« save procedures except using 
an T/c mismatch-containing nucleic acid. 

By configuring etber specific eofflbinetions of 
aisaatehee in the nucleic acid substrate, other 
IP enzynes conteaplated to be useful in the practice 
of the instant invention can be identified and 
purified, such as the -all type- enzyme from heLa 
cells, calf thymus and yeast cells described 
further bereinbelov. Chang t Lu (1991) w»n kciAm 
15 Blfc., 19. 47«l-47«; yang at el. (iffl) ^ Biol. 
fflni; 2««, 6480-6414. 

The human and yeast all type endenuelease can 
nick at all eight base pair mismatches. Thus, that 
enzyme can be used for general screening for any 
20 nutations, in that case, polymerase chain reaction 
(PCR) products from normal and suspected mutant 
nucleie aelds can be hybridized end tested vith the 
all type enzyme. Because different mismatches may 
be identified with differing efficiencies and 
23 sequence environaent aay have an effect on 
cleavage, labeling of different ends of the target 
nucleic acids or PCR products can be used. 
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It has been found that ir. the case of tha A/C 
aisaatch enzyne of l* i Chang, uaa, tha entyae is 
activa on not only nuclaic acids of tha endogenous 
host, E. coli. but is activa on the nucieic acids 
5 - of other spaeias as vail. Essentially, any nucleic 
acid containing an k/6 aisactch is a suitable 
substrata for th. A/c aiaaeten entyae. Thus, in 
tha eeaa of the VC aiaaateh entyae, the entyae can 
be uaad to deteet A/C aisaateha. in agriculturally 
beneficial species and in huaans, for example. 
That diseovary anablaa the dlagneaia of single baae 
pair aisaatches or nutation that ean giv« ciaa to 
deleterious alleles and diaease statea. speciea 
specificity does not appaar to be a characteristic 
of the Bisaatch repair imyu, siailar to the aany 
reatrietion endonucleaaea which essentially act on 
OHA of any species. 

Accordingly, in one embodiment, the Instant 
invention relates to a aethod of detecting specific 
nucleic add autations with a mismatch entyae. such 
as tha A/C aisaateh entyae, thet ean be uaad to 
deteraine the presence of specific allalaa or 
•©arrant allelea in a nucleic add, such as tha 
ganoaic OKA. of an aniaal or a patient. Bees 
25 include prenatal diagnoaia of genede diaaaee or 
the identification of latent genetic diaease, that 
ia diaeaaea with low penetrance or delayed 
expreeeion. The essaye can be practiced 
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•aaentially as described above, that is. ceils of 

a patiant suspected of carrying a genetic disorder 

i 

can be obtained, possibly circulating cells suea as 
lympboeytas or by biopsy of a diseased organ, the 
5 nueleie eeids froa the cells are obtained, a 
specific region optionally een be enplif led by PCR, 
hybridised vith aorael or wild type nueleie aeld or 
with a specific probe, ir necessary, created with 
an appropriate restriction endonuelease to provide 
10 a fragaent containing the suspected base pair 
aisaateh or autation, exposed to a aisaateh ensyae 
and either tae binding essay or the nieking assay 
is conducted. 

In the binding assay end nicking assay 
IS described hereinabove, the presence of the 
protein-nucleic aeld complex or of the cleaved 
fragaents ean be deterained in a number of 
art-recognised aethods, see for exaaple Pried a 
crothers (Mufil afiifla BsJU. (1981) », 6305-«32S) . 
20 ror exaaple, the nueleie aeid in the binding assay 
can be tagged with a radioactive label, such as a 
radiolebelled base (in the nicking essey, either 
the probe or the target geneeic nucleic acid can be 
labelled to deteraine if cleavage occurs) end the 
23 respective nolecular weights and migration 
distances are interred therefrea following a 
separation and/or a siting procedure, such as 
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electrophoresis. Exaaples of radioisotopes that 
een be us«d include J H, u P, M s and 

In a elinieal setting and for general use in 
many clinical testing laboratories, it is 
5 - preferable thet acthods that do not require the use 
of radiolabeiled nucleotides be used. Thus, the 
nucleic adds can be labelled with biotlnylated 
beaea and the preaenee of the biotin aoicty can be 
determined by the uae of avidin or etreptavidin 
10 labelled reporter aoleeules. which in turn can be 
aeeertalned by the uae of the eppropriat. 
coloriaetric or cheailuaineacent substrate. (For 
eaaaple, brl, deithersburg, MO, distributes 
biotinyl.ted dATP, streptevidin-alkaiine 
15 phosphatase conjugate and the appropriate 
phoaphatase substrates. Luaig.n«-PPc is a suitable 
substrata distributed by KiUipore, MA.) 

Siailarly, it also is possibl. to use bases 
which are labelled with eoapounda that are 
20 lu.inwcent. for exa«pla. .o»a .uteaatic nucleic 
ecid seguenetors raly on the use of the four coamon 
baaa. ..ch labellad with e ceapound having a uniqu. 
color elgnaturc. iuaineecence is determinable in 
e liquid scintillation eounter, luainoaeter or by 
25 the use of light-sensitive mas. Typical .x*»pl„ 
of luaineecant coapounds which can be usad include 
fluorescent eoapounda. such aa fluorescein 
isothiocyanate (Sigaa), that .ait light upon 
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excitation and cheailuainesctnt compounds that emit 
light as a result of a chamieal reaction, such as 
the usa of raporter aolaeulas comprising dioxetane 
darivativas (PhotoGeneV BRL, MO). 
5 Zn another embodiment, particularly when using 

the nicking assay, the nucleic acid to be labelled, 
either the probe or the genomic target sequence , is 
labeled at both ends, that is on either side of the 
mismatch. The label say be the same or different. 
10 for example, one end may be labelled vith biotin 
and the other, end may be labelled vith a 
luminescent compound. 

Thus, an intact molecule comprises both labels 
whereas a cleaved molecule yields two subfragments, 
IS each with one, label. For example, using 
fluorescent molecules that emit at different 
wavelengths or dyes of different color, a nucleic 
acid can be so labelled and the detaraination of 
whether cleavage has occurred is assessed by the 
20 presents of both labels in the sample or of only 
one label, for example, after a washing procedure 
wherein one end of che doubly labelled nucleic acid 
is affixed to a solid phase enabling the cleaved 
fragment carrying the second labelled end to be 
25 removed by a washing procedure* If identical 
labels are used, then the determination is whether 
a "single dose" or a "double dose" of label is 
present following the washing procedure. 
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According to the assay eystea using th« N-res 
gone, the sensitivity of the instant assay is at 
least on the order of ll, that is the assay can 
detect tuaor cells that are present in a 99% 
-3 - background of norual cells. Thus, the instant 
assay can identify a sequence variant found it a 
frequency of one variant out of a hundred. 

accordingly, it is not necessary to obtain a 
specific biopsy section or to purify a ceil 
10 populetion prior to use of the instant assay, such 
as by flow cytometry. The instant asssy enables 
the detection of a genetic disorder using 
circulating cells found in a routine speeiaen. 

In another eabodiaent, the invention 
conteaplates the use of ensyaae that recognise 
specific base pair alsaetches for deteraining the 
identify of e particular base at a aisaeteh site 
whether the aisaatched base pair is one of the 
pairs that is racognized by the enryae or not. 

Pour possible oligonucleotide probes ere 
synthesized to span the site of interest, two of 
the probes correspond to coding sequences of the 
gene of interest and another two probes are 
ceapleaentary to the aforeaentioned two probes. 
The strategy is outlined in Table. l wherein probes 
I end XT represent the coding eequence probes and 
probes in *nd rv represent the probes 
ceapleaentary to probes I and 12. respectively. 
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Table 1. Expected aisnatch formation and cleavage 
results using E. coli k/0 endonuclease 
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20 c doubla positive result indicates A/6 
miaaatch-containing nudaie can be niekad by 
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weight band(a) in the aateradiograa or a 
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In the example of Tabl. i, pr0B a« 2 4ftd Ir: 
contain adenine at th. petition where the nutation 
occurs whereas probes II and IV contain guanine at 
thet site. The probes containing adenine, probes 
S - I and III of Table 1, are end-labelled at the 3' 
end, for example, witn kinMe utiBg 8tandart 
procedures. Probes containing guanine are not 
labelled, m the hybridisation reactions wherein 
the guanlne-eonteining eligos are used (probes ix 
*M IV). the target nucleie eeid fragment Is 
labelled. 

The target nueleie aeid sequence is rendered 
•ingle stranded and exposed to the various probes 
in individual reaction vessels to enabi. duplex 
formation. Depending en the sequence of the target 
nucleie acid at the target site, the various probe, 
will generate either no mismatch or a eertain base 
mismatch after hybridiiation. The resulting 
«upl«ee are digested with a spwific mismatch 
ensyme, such as the VO mismatch enzyme, the T/C 
mismatch enzyme (Kiaoauer * Jiricny (1B.9) n*^, 
330, 234-23.,, the all-type antyme (Yeh «t al. 
Cl»»l) 2. fiiau o^, m< Mao ., 4B4) er 
combination, of several different ensyme., and the 
nucleic acid fragment, following ineubation are 
identified by denaturing gel electrophoresis. 

Any nucleic acid with a specific mismatch, in 
the eaee. noted abova. an A/0 mismatch or a T/C 



15 



20 



25 



- 27 - 



WOM/3B33 PCT/US9J/0DW 
mismatch , can be detected and localised by the 
presence of one or more subfragments. thus, in the 
Example of Table 1, using the k/G mismatch enzyme, 
if a lover molecular weight fragment noted in the 
5 reaction with the target sequence contains an 
adenine at the site of interest, Table 1, line 1, 
a digestion product, that is a subf ragment, will be 
obeerved when the target gene is hybridised with 
oligonucleotide IV. If the target site is a c 

10 (Table 1, line 2), a subf ragment will be found in 
the duplex in which oligonucleotide I is used. 

It is not essential that all four reactions be 
run concurrently to identify the base at the target 
site. The Individual reactions can be run 

13 sequentially, or in any combination or order, as 
identification of the variant base could occur in 
the first reaction based on the unique pattern of 
reactivity for each oligonucleotide. 

In another embodiment , the invention 

20 contemplates the use of a general mismatch ensyme 
that is not restricted to a specific mismatch, that 
is, the ensyme is not restricted to recognising 
only the k/Q mismatch, for example. Such an ensyme 

m 

has been obtained from bovine, yeast and human and 
25 the ensyne can nick at all eight base pair 
mismatches. Yeh et el. (1M1) 2* Biol. Chan, . 264, 
64S0-C4S4. Thus, the general (all type) mismatch 
ensyme cen be used to compare suspected mutant 
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nucleic acid with wild type nucleic acid or in a 
first cereening for any nutation because the site 
and base at that site nay not be Known and only a 
single oligonucleotide probe or the mutant and 
5 - noraal nucleic acids, relative to the target site, 
need be used. In using the general mismatch 
enryme, the artisan oust consider that different 
mismatches may be recognised with different 
efficiencies and that neighboring sequence 
10 environment could have some effect on binding and 
cleavage. Nevertheless , the general mismatch 
endonucleas* retains the property of cleaving only 
one of the strands. 

To overcome strand specificity that could 
13 hinder the detection of a base pair mismatch, other 
mismatch enzymes, topoisoae rases, glycolases and 
endonucleases, or combinations thereof, can be 
included in the screening of nucleic acid 
mismatches. Crilly et al. (19*0) Mutat. r«« 236# 
20 233-267. 

An axample of a general mismatch endonuclease 
is one obtainable from calf thymus nuclear extracts 
by a modified method as described in Oignam et al., 
NUC1. Acids Res.. 17, 2437-2441, 1919). Briefly, 
23 frozen calf thymus (about 300 g) is thawed under 
running cold water, sliced and cleaned of 
connective tissue and vessals. The tissue slices 
are plaeed in solution A comprising about 0.2 K 
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sucrose, about 3 bM KgCl,, about 40 art NaCl, about 
0.05 art VKST and about 5 art H2PES, pH 7.9 and 
hoaogeni»ed. Tha hoaogenate is filtarad 
aaquantially through one, tvo and four layers of 
5 - cheesecloth prevashed with chilled solution A. 

The filtrete is centrifuged at 750 x 9 for 
seven ainutes and the nuclear pellet is washed with 
solution A. About 250 ml of peeked nuclei were 
suspended in about 300 al of Solution E eeapriaing 
10 about 101 sucrose, about 0.01% HP-40, about 1 art 
OTT. about 0.1 art WfsT, about 0.33 H XC1 and about 
23 art Htras, pg 7.9 and incubated at about 4°c. for 
about two hours, me nucleer debris was reaoved by 
centrifugetion. Tha supernatant was diluted to 
15 100 art Xd by adding about tvo volumes of Buffer A 
coaprising about 20 art wo t , pH 7.4, about 0.1 art 
IOTA, about 0.5 art OR and about 0.1 aK VKST. 

in the case of obtaining an all-type aissatch 
•ntyae froa human calls, such as KeU cells, again 
20 a aodificatlen of tha aethod of Dignea at al., 
supra, is employed. The isoleted nuclear extract 
(fraction I) in about so al buffer (coaprising 
■bout 20 art HXPZS. pH 7.4, about 25% glycerol, 

0 

ebout 0.42 X MaCl, about 1. 5 aK Kgd,, about 0.2 bm 
25 EOTA, about 0.5 aK PKSP and about 0.5 art DTT) waa 
aimed with about 440 al of buffer A (about 20 art 
W0 4 , pM 7.4, about 0.5 art DTT, about 0.1 art EOTA 
and about 0.1 all PHSF) containing about 0.05 M KC1 
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and the entire mixture is applied to an ion 
exchange column such as a 140 al Bio- Rex 70 column 
(BioRad) equilibrated with buffer A containing 
about 0.05 mH xci. Following a wash with tne 
5 - equilibration buffer, the column can be eluted with 
a linear gradient of XCI (about 0.1-1.0 H) in 
buffer A. The fractions containing tba ganaral 
mismatch endenucleese, which eluted at about 0.8 M 
xci, are pooled (Fraction XX). 
10 Fraction XX can be applied to a hydroxyapatite 

column equilibrated with buffer A containing about 
0.03 M XCI. After veahing with equilibration 
buffer, the celuan is eluted with e linear gradient 
of potassium phosphate (pH 7.4, about o.oi-o.e H) 
IS containing about 0.5 k dtt and about 6.1 m pksf. 
Active fractions, which elute at about 0.4 M 
Phosphate buffer, are pooled (fraction in) and 
dialysed against buffer A. 

The sample can be loaded onto a heparin 
20 agaroee column end eluted vith, for example about 
0.7 aM Had in buffer A. The eluted seeple can be 
frosen in small aliquets and stored at -70*C. 

Presence of the general alsmatch endenucleese 
in the fractions can be determined essentially es 
25 described above for the A/6-apecific endenucleese 
using the nucleic acid binding aeeey or the nicking 
assay vith the appropriate nucleic aeid fragments 
containing a misaatch. 
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The invention nov will be described further by 
way of the following r.on-liaiting exaaples. onleis 
otherwise indicated all amounts are either as (v/v) 
or (v/v). 



10 



15 



Oligonucleotide prison end repair probes were 
syntbesised using standard phosphoraaidite 
chemistry on an Applied siosysteas OKA synthesiser 
•ecording to the aanufecturer's reeoBBendations. 
see for exaaple, seeucsge « caruthars (1981) T«tr». 
I*K&», 22, 1859-U62: Hatteneci 4 caruthars (l»li) 
I*. altCt. £hsAi Sfi&t, 103, 3115-3191. The 
oligonucleotides were purified in s-25% sequencing 
gals prior to use. The oligonucleotide denoted es 
Cheng Al« (SEQ I© no:l) was annealed with 
oligonucleotide Chang 016 (SEQ ID HO: 2) to fon 
duplex DHA with en A/6 aisaateh at position 51 for 
use in the endonucleese assay. 
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Tabio 2. Sequences of oligonucleotides 1 

Ch a n? hli 5'AAnCTCCTTAAeCTTTCTTCCCTTCCTTTCTCCCC 

ACCTTCCCCCAXmCCCITTCCCCCTCAACCICAA 
ATCCCCGOCTCCCTrTACCCTTCCCATCTCCACCTTT 
ACCCCC 3« (SXQ ZD KOll) 

C ti anq g " 5, ££^CCCIAAACCTC(U6ATC<MAACCCTAAACC 

CACCCCCCSATm0A0eiT6ACC6CCAAACCCCAAT 

TCWCCAACCTOWACAAACCAAQWAACAAACCTT 
(8CQ ZD HO: 2) 

Stm'hS ,., 5 'nS^AAACCTCTTOrrCGACATACTCGATAC 

107N N-raa-61 AGCTCCACCACAACACTACAGTCCCATGACACACaLA 

(SZQ XO MO: 3) 

CACXCCCATCACAC 3- (SIQ XO NO: 4) 
S3bp Uf t primer 5,e W^CeiCTTTOTT60A 3- (SEQ 10 NO: 5, 

"bp right pri»er 5, *»««**U«Wi 3. (SBQIDKO:«, 

Sbp toft pri»r s,TCCA<aTACTCC WACAacT3' (SEQ IO NO: 7, 

«op rigut priaer s,crereMM »«e»crcr 3- ( seq id no:8, 

Sobpi.ft P r4»« ''^^f^* 6 ^^ 3 ' 

&bp right prUer ''^D^foT^^^^ 3 " 



product! •w>«*ling with tha eoBpleaentary strand or PCR 
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Bflffil 9 

A hum»n hepatcblastoea call line, Hep-o-j, 
obtainable froa the AtCC under accession number 
.HB 8085, contains a single bass change at cedon 81, 
5 CU to CTA. Hsu at el. (1990) Prae. N/itl , An. 
laaOQj. £A2Um. Baa*. 31, B06. N-rii«-cont«ining 
nuclsic add fragaenta froa noraal calls and froa 
Hep*G-2 calls ware aaplifiad by pcr using tba 
appropriately configured priaer bllgonueleetides 
10 (SZQ ZD M0:5 and SZQ ZD HO»8) , vara hybridized with 
e complementary 107 baae pair probe and then 
exposed to the A/0 aisaatch enzyee. 

the 107 bp DMA (SEQ ZD NOJ3) probe coaprlses 
codons 48-81 of the M-ras gene with four extra 
IS nucleotides, TTCC, at the 5" end of the coding 
strand to serve as a teaplata for labelling, except 
that the sequence for codon «1 is CCA. me probe 
generates a x/c and an A/6 oisaatch with the noraal 
DMA and tuaor DMA, respectively. The DMA's after 
20 cleavage with the A/G eiaaateh enryae were 
denatured and ect .rated on a sequencing gel using 
known method*. Maxaa « Gilbert (1980) H*rh , Em. . 
*5, 499-980. 

t*nea containing tuaor DMA presented a 44 baae 
M pair nucleotide cleavage product which was not 
found in noraal DMA saaples. when e shorter 
labelled probe of so bass pslrs (SZQ ZD NOi4) was 
used end primers 3 and 4 (SEQ ZD H0:7 and 
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SZQ ID NOjb) vcre used to amplify . tha targat 
sequence, the same results ware found, that is, a 
nucleotide digestion product of the K/O mismetch 
enzyme, in that ease, 26 base pairs, was found in 
5 -the staples of tuaor DMA but not in normal OKA. 



10 
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To determine the sensitivity of the mismatch 
•nzyme elaavaga method, the H-ree-eontaining 
fragment of the Hep-C-2 liver eelle end the 207 op 
probe (SZQ ID NO: 2} ee notad in Table 2 described 
above vera hybridised end the tumor DMA/probe 
hybrid was diluted with increasing emounte of 
hybrids comprising normal DBA and preba. The 
resulting mixtures then were cleeved with tha 
2. eoli a/C endonucleasa as described above. A 
specific 44 bese pair cleevage produet remeined 
dotoctable at the l/so dilution. Baeause the H-ras 
locus is heterozygous in tho livor tumor cell from 
which tha geneaie DMA was obtained, the essay is 
sensitive up to l porcent, that is tumor cello are 

* 

prasant in only on* percent of tha nomal call 
background. 
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The disclosure in all references reeited 
herein is herein incorporated by reference. 

Xt vUl be evident to one of ordinary skill in 
the art that the invention described herein can be 
S aodified and adapted without departing from the 
spirit and scope thereof. The artisan will further 
ecknovladee thet the Sxaapl.s recited herein are 
demonstrative only end ere net aeent to be 
Halting. 
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1. A BBthod for identifying a nucleotide 
base at a single site in a nucleic acid eoaprising: 

(a) obtaining single stranded target 
nucleic acid sequences; 

(b) hybridising oligonucleotides 
eoaprising said site to seid single 
stranded nucleic acid sequences, 
wherein seid oligonucleotides say or 
say not be ceapieacntery et said 
site in said single strsnded nueleie 
aeid soguences, to fern 
ollgonueleotide-targct nucleic acid 
ssguenes hybrids i 



15 



20 



(c) exposing said nueleie ecid sequence 
hybrids to an. ensyae that binds to 
aisaatch beeee to fors 
enxyae-nucleic eeld eoaplexes or 
thst cleeves one strand conteining 
a aisaatched base peir to produee 
cleaved fragaentst 

(d) deteraining the presence of said 
ensyac-nueleie acid eoaplexes or 
seid cleaved Crsgaentsi and 



e) identifying the nucleotide base at 
said site by virtue of whether a 
reection with an oligonucleotide 
foras e complex or produces cleaved 
tragaents. 
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2. The aethod of claia 1 wherein said enzyae 
■pacifically binds to or cleaves at the 
adenine-guanine base pair. 

3. The aethod of claia 1 where said enzyme 
- specifically binds to or cleaves at the 

thymidine-guanine base pair. 

4. The aethod of claia l, wherein said 
nucleic eeids ere labelled with on* or sore 
detectable Barkers. 



5. The aethod of claia 4, wherein said 
detectable marker is a radioisotope. 

«. The aethod of elaia 4, wherein said 
detectable Barker is an enzyae. 

7. The aethod of claia 4, wherein eaid 
detectable Barker ie a dye. 

• • The aethod of elaia 4, wherein said 
•nzyme produces cleaved fragments and each cleaved 
fragment is labelled with a different detectable 
Barker. 



10 



9. The aethod of elaia i, wherein eaid 
target nucleic acid sequences are complementary to 
each other end obtained froa e double strended 
nucleic ecid, eaid oligonucleotides comprise a 
first and a second oligonucleotide coapleaenttry to 
a first single stranded nucleic acid and a third 
•ad e fourth oligonucleotide coapleaeatary to the 
••eond single strended nucleic acid; and wherein 
•bid first and said third oligonucleotides comprise 
A, T, 6 or C at said site, and said seeond end seid 
fourth oligonucleotidee ceaprlse at said site e 
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base eth«r than that base which hybridist under 
normal conditions with the base at said aita in 
. said first and said third oligonuclaotidas. 

10. The method of claim 9, wherein said first 
- and said third oligonucleotides ere labeled end 
seid target nucleic acid eequences complementary to 
said second end said fourth oligonucleotides are 
3 labeled. 



11. A method fox identifying a base pair 
mismatch at a site in e nucleic add comprising: 

(e) obtaining aingia branded target 
nucleic acid sequences} 

(b) hybridising nucleic acid fragments 

obtained from wUd type cells or 

oligonuciaotidee comprising .aid 

site to seid elngle stranded nucleic 

•eid eequcnees, wherein said 

fragments or seid oligonuciaotidee 

mey or may not be complementary at 

aald aite in said eingle stranded 

••quence, to form fregment-terget 

nucleie acid hybrids or 

oligonucleotide-terget nucleic acid 
hybrids; 

(c) exposing said nucleic ecid hybrids 
to en enryme that blnde apecifically 
to baaa pair mismatches to form 
entyae-nucleic acid complexes or 
that cleaves a nucleic ecid strand 
to produce cleaved fragments; and 
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(d) detemining the presence of said 
coaplexea or said elaavad fragaents. 

12. Tha aathed of daia u, wherein said 
nudeic acids ara labelled with ona or sera 
detectable Barkers. 

13. Tha aathed of dais U, wherein said 
detectable aarkar is a radioisotope. 

14. The aathed of elaia 12, vharaia said 
datactabU aarkar is an encyae. 

15. The aathed of elaia la, wherein said 
detectable aarkar is a dye. 

1«. the aathed of elaia ia, wherein said 
ensyae produces cleaved fragaents and each cleaved 
fragment ie labelled with a different detectable 
aarkar. 

17. The Bathed of elaia XI, wherein said 
«**»• binds specifically to or cleaves at tha 
adenine-guanine bass pair. 

18. The aethed of elaia 11, wherein said 
«n*yae binds specifically to or cleaves at the 
thyaidlne-guaniae base pair. 

19. The aethed of elaia 11, wherein said 
•aryae binds specif ically to or cleaves st a base 
pair aisaatch. 

3P. The aethed of elaia 11, wherein said 
tercet nucleic add is obtained free a patient 
auspected of having a genetic dieeeee. 
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